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Electrochemical immunoassay methods are disclosed. In one method, a membrane is provided between the sample and the detecting 
electrode. The membrane is such that it will allow passage therethrough of unbound labelled analyte (but not its complex with antibody). The 
unbound labelled analyte, which is electrochemically active, may then be detected at the electrode. In a further method, the electrochemical 
immunoassay uses a labelled analyte which is both fluorescent and electrochemically active. This allows optimisation of the electrochemical 
immunoassay. 
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IMMUNOASSAY 

The present invention relates to an immunoassay method. 

Immunoassay is used to determine the amount of a given analyte 
species in a sample. The analyte species being determined may, for 
example, be a drug in a physiological fluid such as blood. The 
immunoassay method utilises 

(i) an antibody (Ab) which will bind with the analyte (Ag) 
being determined, and 

(ii) a labelled analyte (Ag*) which, in competition with the 
analyte (Ag), will also bind with the antibody (Ab>. 

The labelled analyte (Ag*) may for example be the same as (or 
an analogue) of the analyte (Ag) but provided with a radiolabel or 
fluorescent label. 

Given that the amounts of antibody (Ab) and labelled analyte 
(Ag*) used in the immunoassay are known and also that the amount of 
the labelled analyte (Ag*) which binds to the antibody can be 
determined by virtue of the presence of the label, it is possible to 
determine the amount of the analyte (Ag) in the original sample. Such 
techniques are well known in the art. 

Significant effort has been applied to development of 
electrochemical immunoassays in the last decade, owing to an active 
search for nonisotopic alternatives to radioimmunoassay. 
Electrochemical detection offers notable advantages including the 
ability to analyse turbid solutions (e.g. whole blood or serum) with 
high sensitivity. Of the electrochemical immunoassays which have 
been developed to date, the majority employ enzyme labels which are 
detected by converting an electroinactive substrate to an electroactive 
product. Although this approach has the benefit of enzyme 
amplification, the enzyme may be more labile than a direct 
electrochemical label. Also, an additional reagent (the enzyme 
substrate) is required and the approach of end-point analysis typically 
employed, complicates assay protocol and extends assay time. 

According to a first aspect of the present invention there is 
provided an electrochemical immunoassay method for determining the 
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amount of a first analyte in a sample comprising treating the sample 
with (i) a second labelled analyte which is electrochemically 
detectable, and (ii) an antibody which will competitively bind with the 
first and second analytes wherein electrochemical detection of unbound 
second labelled analyte is effected at an electrode separated from the 
sample by a membrane which permits passage of the unbound second 
labelled analyte therethrough but not its complex with the antibody. 

The use of the labelled analyte which is capable of 
electrochemical determination has the advantage that it provides a 
direct electrochemical immunoassay without the need for an enzyme 
label. The use of the membrane is a particularly convenient way of 
effecting separation of the unbound and bound fractions of the 
labelled analyte. 

Preferably the labelled analyte is electrochemically detectable 
by anodic oxidation, and the detection is effected by oxidation at an 
anode (separated from the sample by the membrane). The use of a 
label which is detected by anodic oxidation has the advantage that 
there is no interference by atmospheric oxygen and therefore there is 
no need to take special precautions to exclude the presence of oxygen 
or to deoxygenate the sample. 

Preferably the label compound is capable of being anodically 
oxidised at a potential of less than +1.2 v (vs Ag/AgCl) and greater 
than 0 v. 

The electrochemical detection method used is preferably an 
amperometric technique. 

It is also preferred that the labelled analyte is fluorescent as 
well as being electrochemically detectable. This has the advantage 
that assay development is greatly facilitated as the immunoassay can 
be optimised by fluorescent measurement prior to electrochemical 
detection. Results from electrochemical measurements can be verified 
by comparison against a standard fluorometric method. Electrochemical 
detection of the same assay can then be performed without requiring- 
further modification of assay conditions, and the results verified by 
fluorescent detection. Although direct electrochemical labels have 
previously been used for immunoassay, none have allowed such a 
simple control using an alternative detection technique. This is 
particularly useful given the high sensitivity of electrochemical 
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detection required, and the artifacts of the technique which may 
initially be mistaken as antibody binding of the label. 

The use of a labelled antigenic species which is both 
electrochemically detectable (preferably by anodic oxidation) and 
fluorescent is an important feature and leads to a second aspect of 
the invention according to which there is provided an electrochemical 
immunoassay method for determining the amount of a first analyte in 
a sample comprising treating the sample with (i) a second labelled 
analyte which is fluorescent and electrochemically detectable, and (ii) 
an antibody which will competitively bind with the first and second 
analyte species, separating the unbound labelled analyte from its 
complex with the antibody, and effecting electrochemical detection of 
either the unbound labelled analyte or said complex. 

In practising the method of the second aspect of the invention 
it is possible to detect either the bound or unbound fraction of. the 
analyte. In accordance with a preferred feature of the second aspect 
of the invention, i.ne separation of the bound and unbound fractions 
is effected by means of a membrane provided between an electrode (at 
which detection occurs) and the sample, the membrane being one which 
permits the passage therethrough of the unbound fraction but not its 
complex with the antibody. 

Preferably also the label used in the method of the second 
aspect of the invention is one which is detectable by anodic oxidation. 

Preferred label compounds for use in the invention are those 
which have at least one hydroxyl and/or amino group attached to an 
aromatic nucleus as such compounds are generally electrochemically 
active. The label compound should also be one which can easily be 
reacted to form the labelled analyte to be used in the immunoassay. 

The preferred label compound is one which provides a 
fluorescein residue in the labelled antigenic species. Fluorescein is 
a compound of the formula 1 which undergoes anodic oxidation at 
>+0.65V (vs Ag/AgCl) in accordance with the equation shown below. 




+ 2HT 



SUBSTITUTE SHEET 



BNSDOCID: <WO 9414066A1> 



WO 94/14066 



PCT/GB93/02491 



4 

A labelled antigenic species incorporating a fluorescein residue 
may conveniently be prepared by reaction of fluorescein isothiocyanate 
(FITC) with an analyte component which may for example be the same 
as (or an analogue of) the analyte to be determined. 

Alternatively, the fluorescent residue may be provided by 
rhodamine. 

In accordance with the first aspect (and as a preferred feature 
of the second aspect) of the invention, a membrane is used to separate 
the free and bound fractions of the labelled antigenic species so that 
electrochemical detection (preferably by anodic oxidation) of the 
unbound labelled analyte may be effected. The membrane will be such 
as to allow the unbound labelled analyte to pass therethrough (but 
not its higher molecular weight complex with the antibody) so that the 
unbound fraction passes through to the detecting electrode thereby 
providing a current which is representative of the amount of the 
unbound labelled species. From this information, the amount of the 
analyte being determined may be calculated by methods well-known 
to those skilled in the art. Typically the membrane will only allow 
the passage of molecules having a molecular weight of less then 
100,000. 

It is also within the scope of the invention for the antibody to 
be bound to a particulate support material (having a size of up to, 
say, 10 microns and for the labelled . analyte to have a molecular 
weight higher than 100,000. Thus the labelled analyte may have a 
molecular weight of say up to 200,000 in which case the membrane will 
be such as to allow passage of molecules having a molecular weight 
of less than 200,000. Such a membrane will preclude passage of 
antibody bound to the particulate support. 

Generally the membrane will also permit passage therethrough 
of the unbound analyte being determined (but not its complex with 
the antibody) and therefore the analyte to be determined should not 
be electrochemically active, or at least not electrochemically active at 
the same potential, as the labelled analyte. 

The analyte being determined and the labelled analyte may be 
lipophilic. The membrane may be a permselective membrane which is 
substantially impermeable to charged substantially non-lipophilic 
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species and which allows separation of the free labelled lipophilic 
analyte from the antibody bound fraction. With such a membrane, the 
method of the invention may be used for determining the amounts of 
an analyte in a fluid sample which contains substantial amounts of 
hydrophilic components and ionised species which would oxidise at the 
anode and foul the electrode. In other words, the hydrophilic 
components and ionised species would otherwise be interferents in the 
immunoassay. For example, in the case of physiological fluids, the 
analyte to be determined may be a drug and interferents commonly 
encountered using amperometric sensors are charged ascorbate, urate, 
glutathione and certain amino acids. The use of the membrane permits 
the immunoassay . of the invention, to be effected on physiological 
fluids without interference from the aforementioned components. 
Furthermore the immunoassay may be performed on a turbid liquid (e.g. 
blood) without clarification thereof thereby avoiding the need for 
sample preparation. 

The permselective membrane may for example be of the type 
described in PCT Application No. PCT/GB 92/00443. Such membranes 
comprise a permselective medium and means of immobilising this 
medium as a continuous liquid or gel phase to form a substantially 
electrically insulating barrier between the electrode and the sample. 
The membrane may comprise a polymeric material incorporating a 
plasticiser which is substantially miscible with the polymeric material 
to form a substantially homogeneous phase in which the plasticiser is 
immobilised by the polymeric compounds. A suitable polymeric material 
is polyvinyl chloride and examples of plasticisers are di-octyl 
phthalate (DOP) and iso-propyl myristate (IPM). Other plasticisers 
such as diphenyl ether and dioctyl adipate may also be suitable, Such 
membranes are particularly suitable because they are biocompatible 
and are not fouled by blood or other physiological fluids. 

Examples of other membranes which may be used include 
polyurethane, cellulose acetate, and polyether sulphone membranes as 
well as Diamond Like Carbon (DLC) coated membranes. 

If desired, the membrane may be supported on a microporous 
support, e.g. of Cuprophan. 

It will be appreciated from the foregoing description that the 
inventions allow rapid immunoassay on, for example, whole blood 
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samples with no sample preparation and involving addition of only a 
small volume sample to an immunosensor. Therefore it is possible for 
homogeneous assays using simple, cheap, robust and portable 
instrumentation to be carried out by unskilled operators enabling 
decentralised testing. 

The invention will be further described by way of example only 
with reference to the accompanying drawings, in which: 

Fig. 1 illustrates an electrochemical immunoassay embodying 
membrane separation; 

Fig. 2 is a graph comparing immunoassay results for phenytoin 
obtained using electrochemical and fluorescent detection; and 

Fig. 3 is a comparison of results obtained in immunoassay 
procedures using two .different methods of detection. 

As shown in Fig. 1, a fluid sample 1 is shown as being separated 
from an anode 2 by a membrane assembly 3 which comprises a 
permselective PVC membrane 4 associated with a microporous support 
in the form of a Cuprophan membrane 5. The PVC membrane is of the 
type discussed above and is substantially impermeable to charged 
substantially non-lipophilic species. Furthermore, as described below, 
the PVC membrane 4 allows analyte species (both labelled and 
unlabelled) and labelled antigen to pass across the membrane but not 
analyte/antibody complexes. 

The s.ample 1 (which may for example be a physiological fluid 
such as blood) is shown as containing an analyte 6 whereof the amount 
in the sample is to be determined by the immunoassay procedure. The 
analyte 6 may for example be an an ti -epileptic drug. Also shown in 
the sample 1 are a labelled analyte species 7 and an antibody 8 which 
is capable of competitively binding with the analyte 6 and labelled 
analyte 7 to form conjugates 9 and 10 respectively. 

The label is one which is capable of electrochemical detection 
and may, for example, be provided by a fluorescein residue. 

An electrolyte 11 is provided between the membrane 2 and anode 

3. ' 

The only species which are able to pass across the membrane are 
the analyte 6 to be determined and the labelled analyte 7. Sample 
interferents as well as the antibody, and the antibody conjugates are 
not able to pass across the membrane. 
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The analyte 6 is electrochemically inactive while the labelled 
analyte 7 is electrochemically active and is oxidised at the anode 
resulting in an electric current which is measured to determine the 
amount of the unbound analyte 7. It is thus possible to determine the 
amount of the analyte 6. It will be appreciated that analysis of 
turbid solution is possible and there is no need to exclude oxygen. 

To illustrate the effectiveness of a fluorescein residue as an 
electrochemical label, fluorescent detection of the label was used to 
develop and optimise an immunoassay for phenytoin prior to 
electrochemical detection. Drug antibody was precipitated with a 
second antisera and the solid phase antibody washed, and incubated 
with a FITC labelled drug analogue and drug standard. The antibody 
bound labelled fraction was separated by centrifugation, and unbound 
label activity in the assay supernatant was determined by High 
Performance Liquid Chromatography with electrochemical detection 
(HPLC-ECD). 

Electrochemical detection was performed using a coulometric cell 
comprised of two electrodes in series. Optimum detection of the FITC 
label was achieved by polarising the upstream (screening electrode) at 
+0.75V, and the downstream (quantitating) electrode at +1.0V. (vs 
Ag/AgCl). With this electrode configuration, a degree of 
electrochemical selectivity was afforded which complemented 
chromatographic isolation of the product. 

Dose response curves using this method of electrochemical 
detection are shown in Fig. 2 which also includes similar curves 
obtained by fluoresceni detection. It will be seen that the curves are 
superimposable.thus indicating the effectiveness of the electrochemical 
label. 

Figure 3 is a comparison of results obtained in an immunoassay 
for phenytoin using two different detection methods, namely (i) an 
electrode covered with a PVC membrane (of the type described above), 
and (ii) HPLC-ECD. 

Four different experimental procedures were effected using each 
of the two detection methods. All procedures used labelled drug 
analogue but the procedures differed in the other components present, 
as set out below. 
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Component Present 



non-specific antibody 



"O Phe" specific antibody 

"100 um Phe" specific antibody + 

phenytoin 

All experimental procedures involved centrifugation to separate 
analyte-antibody complexes, the detection then being effected on the 
supernatant. Thus, as far as the electrode covered with the PVC 
membrane is concerned, the procedures demonstrate the effectiveness 
of the membrane in allowing the unbound labelled analyte to pass 
through the membrane. 

The first point to note is that, in any one experimental 
procedure, the results obtained using the two detection methods were 
generally similar (although in the "Total" procedure the membrane 
covered electrode gave a higher response than the HPLC-ECD detection 
- this could be an artifact). 

The results obtained using the "Total" and "NSB" procedures are 
substantially the same thus demonstrating that there are no problems 
with non-specific binding and that labelled analyte can be determined 
with the membrane covered electrode. 

The "O Phe" shows & lower amount of unbound drug analogue 
than either the "Total" or "NSB" procedures due to the binding of a 
portion of the drug analogue with the specific antibody. The fact that 
the results obtained in the "O Phe" procedure are identical using the 
two detection methods shows that the membrane is effective in 
allowing the passage of the labelled drug analogue. 

The "100 um Phe" procedure demonstrates a higher amount of 
detected labelled drug analogue than the "O Phe" procedure. This is 
due, of course, to the fact that in the former procedure the labelled 
drug analogue is in competition with the phenytoin for binding to the 
antibody. 
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CLAIMS 

1. An electrochemical immunoassay method for determining the 
amount of a first analyte in a sample comprising treating the sample 
with (i) a second labelled analyte which is electrochemically 
detectable, and (ii) an antibody which will competitively bind with the 

• first and second analytes wherein electrochemical detection of unbound 

second labelled analyte is effected at an electrode separated from the 
sample by a membrane which permits passage of the unbound second 
labelled analyte therethrough but not its complex with the antibody. 

2. A method as claimed in claim 1 wherein the labelled analyte is 
electrochemically detectable by anodic oxidation, and said detection 
is effected by oxidation at an. anode., ...... 

3. A method as claimed in claim 2 wherein the labelled analyte is 
capable of being anodically oxidised at a potential of less than +1.2v 
(vs Ag/AgCl) and greater than Ov. 

4. A method as claimed in claim 2 or 3 wherein the label of the 
second analyte contains at least one hydroxyl and/or amino group 
attached to an aromatic nucleus. 

5. A method as claimed in any one of claims 1 to 4 wherein the 
label of the second analyte is fluorescent. 

6. A method as claimed in claim 5 wherein the label of the second 
analyte includes a fluorescein or rhodamine residue. 

7. A method as claimed in any one of claims 1 to 6 wherein the 
membrane prevents the passage to the electrode of interferen pecies. 

8. A method as claimed in claim 7 wherein the men ,-ae is 
substantially impermeable to charged substantially non-lipophilic 
species. 

9. A method as claimed in- any one of claims 1 to 8 wherein the 
membrane is a permselective membrane. 

10. A method as claimed in claim 9 wherein the permselective 
membrane is immobilised as a continuous liquid or gel phase. 

11. A method as claimed in claim 10 wherein the permselective 
membrane comprises polyvinyl chloride incorporating a plasticiser. 

12. A method as claimed in claim 11 wherein the plasticiser is 
dioctyl phthalate and/or iso-propyl myristate. 

13. An electrochemical immunoassay method for determining the 
amount of a first analyte in a sample comprising treating the sample 
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with (i) a second labelled analyte which is fluorescent and 
electrochemically detectable, and (ii) an antibody which will 
competitively bind with the first and second analyte species, 
separating the unbound labelled analyte from its complex with the 
antibody, and effecting electrochemical detection of either the 
unbound labelled analyte or said complex. 

14. A method as claimed in claim. 13 wherein the label is 
electrochemically detectable by anodic oxidation, and said detection 
is effected by oxidation at an anode. 

15. A method as claimed -in claim 14 wherein the labelled analyte 
includes at least one hydroxyl and/or amino group. 

16. A method as claimed in claim 13 or 14 wherein the labelled 
analyte includes a fluorescein or rhodamine residue. 

17. A method as claimed in any one of claims 13 to 16 wherein the 
electrochemical detection is effected on the unbound labelled analyte. 

18. A method as claimed in claim 17 wherein the separation of the 
unbound labelled analyte is effected by a membrane provided between 
a detection electrode and the sample, the membrane permitting passage 
of the unbound labelled analyte therethrough but not its complex with 
the antibody. 

19. A method as claimed in claim 18 wherein the membrane prevents 
the passage to the electrode of interferent species. 

20. A method as claimed in claim 19 wherein the membrane is 
substantially impermeable to charged substantially non-lipophilic 
species. 

21. A method as claimed in any one of claims 18 to 20 wherein the 
membrane is a permselective membrane. 

,22. A method as claimed in claim 21 wherein the permselective 
membrane is immobilised as a continuous liquid or gel phase. 

23. A method as claimed in claim 22 wherein the permselective 
membrane comprises polyvinyl chloride incorporating a plasticiser. 

24. A method as claimed in claim 23 wherein the plasticiser is 
dioctyl phthalate and/or iso-propyl myristate. 
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